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AFRODYNAMIC CHARACTERISTICS OF A FULL-SCALE FAN-IN-WING
MODEL INCLUDING RESULTS IN GROUND EFFECT
WITH NOSE-FAN PITCH CONTROL

By Jerry V. Kirk, David H. Hickey,
and Ieo P. Hall

Ames Research Center
Moffett Field, Calif.

SUMMARY

An investigation was conducted to determine the low-speed aerodynamic
characteristics (in and out of ground effect) of a full-scale fan-in-wing VTOL
model incorporating a fan in the nose of the fuselage for trim and pitching-
moment control. The model had a midmounted wing of aspect ratio 3.1. Results
were obtained with the wing at 3.85, 2.2, 1.7, and 1.0 fan diameters above the
tunnel floor. The high position was considered out of ground effect.

The effects on longitudinal characteristics of lift-fan performance were
obtained at all positions tested while longitudinal characteristics with the
piteh fan operating were obtained for only the three positions considered in
ground effect. Longitudinal and lateral-directional characteristics were
studied in the high position with the 1ift fans operating and with various
settings of the fan exit vanes to control fan thrust and produce yaw and roll.
Various trailing-edge flap deflections were tested with the model in the high
position, and the optimum setting of 450 was then used throughout the
remainder of the program.

Six-component force and moment data were obtained with the model in the
high position and three-component data for the three lower positions. Control
power of the pitch-fan installation, control power of the horizontal tail,
trim characteristics, temperature rise at the fan and gas generator inlets
(attributed to exhaust gas reingestion), and downwash at the horizontal tail
are included.

INTRODUCTION

p—

Previous theoretical studies and wind-tunnel investigations (refs. 1
through 4) have shown the feasibility of using the lifting fan concept for
functional V/STOL aircraft.

Results of a previous large-scale investigation on the fan-in-wing concept
are presented in reference 1. The purpose of the present study was to inves-
tigate the aerodynamic characteristics in and out of ground effect of a model
with a midmounted wing having approximately 50 percent larger fan-to-wing area



ratio than the;model reported in reference 1, a pitch fan for longitudinal
control, and other aerodynamic controls required for a practical aircraft.

The X-353-5B lift fans and the X-376 pitch-control fan were used during
the investigation. Fan performance, general aerodynamic characteristics,
longitudinal stability and control, and lateral-directional stability and
control results are presented without the pitch control fan operating out of
ground effect. Lift-fan and pitch-fan performance, general aerodynamic char-
acteristics, and longitudinal stability and control characteristics were
obtained in ground effect. The effects on aerodynamic characteristics of
throttling the 1lift-fan exit vanes to control fan thrust, of differential
deflection to produce yaw and roll, plus modulating the pitch-fan thrust for
pitching-moment control are shown.

Fan and gas generator inlet temperature rise due to exhaust gas ingestion

was measured. Means of alleviating the adverse effects of ingestion on
performance are discussed.

NOTATION

A fan exit area, sq £t, or wing aspect ratio
b wing span, ft
c wing chord parallel to plane of symmetry, or vane chord, ft
- : ' 2 [hb/2
c - mean aerodynamic chord, 3 _/; c2 dy
Cy rolling-moment coefficient,
asSb

Cy, 1ift coefficient, IS
Cp  drag coefficient, -

gs
Cp pitching-moment coefficient, ag:

C

Cn yvawing-moment coefficient,
Cy side-force coefficient, 5% —_

D drag, 1b, or rotor diameter, It

h vertical distance from the lower surface of the fan hub to the ground
plane, £t

it horizontal-tail incidence angle, deg



DPg

Do

rolling moment, ft-1b

total 1ift on model, 1b

pitching moment, ft-1b

yawing moment, ft-1b

test section static pressure, lb/sq £t
standard atmospheric pressure, 2116 lb/sq i
free-stream dynamic pressure, lb/sq ft
Reynolds number or fan radius

corrected fan rotationél speed

wing area, sq ft

complete ducted fan thrust in the 1lift direction with o = o° and B = Oo,
pAvJ.2, 1b

average temperature rise in the fan and gas generator inlets, °p
alr velocity, ft/Sec

free-stream air velocity, knots -

gross weight, 1b

distance from the leading edge of the wing, £t

spanwise distance perpendicular to the plane of symmetry, £t
side force, 1b

perpendicular distance from the chord line to the airfoil, ft
angle of attack of the wing chord plane, deg

fan exit-vane deflection angle ffom the fan axis, deg

p—

difference in exit-vane angle of alternate vaﬁes, or difference between
, exit-vane angles of the left and right fans, Br, - Br, desg

sideslip angle, deg

relative static pressure, %ﬁ

o



trailing-edge flap deflection measured normal to the hinge line, deg
thrust modulator setting measured normal to the hinge line

change in average downwash angle at the horizontal tail, deg

fraction of wing semispan, %?
wing taper ratio
. . v
tip-speed ratio, R
density, lb-sec2/ft*

fan rotational speed, radians/sec
Subscripts

average

fan

gas generator

fan exit

in a direction to produce roll
left

1ift fan

pitch control fan

right

static conditions

in a direction to reduce thrust -
uncorrected

forward speed condition

in a direction to produce yaw
variable angle of attack

variable exit-vane angle



MODEL AND APPARATUS

Model

Photographs of the model mounted on the normal strut system and the
variable height strut system in the Ames 40~ by 80-Foot Wind Tunnel are shown
in figure 1. Figure 2 is a sketch of the model including pertinent dimensions.

Wing geometry.- The midmounted wing had an aspect ratio of 3.11 and a
taper ratio of 0.32. Sweepback at the quarter-chord line for the inboard sec-
tion was 16° and for the wing-tip section 25°. An NACA 65-210 (modified) air-
foil section (coordinates are in table I) was basic for the inboard section of
the wing from 1 =0 to 1 = 0.69. The wing tapered from this point to a
standard NACA 65-210 airfoil section at the wing tip. The fan inlet was
designed for an untapered wing; the resultant bulge and fairing increased wing
thickness to 12 percent at the outboard edge of the fan (n = 0.51). Normal
contour was regained at n = 0.59.

High-1ift devices.~ Details of the single-slotted flap are shown in
figure 3. The flap extended from 13.4- to 53.5-percent semispan and was tested
at deflections of 0°, 30°, 45°, and 50°. With the model in the high position,
the flap had a T-inch-spanwise, 12.3-inch-chordwise hole cut in the leading
edge between flap stations 59 and 66. Tts purpose was to accommodate the
bracket for the lift-fan exit-vane actuator. This hole was covered in the
three lower positions. '

Figure 3 shows details of the Krlger flaps used during limited testing.
The leading-~edge flap extended from 69-percent semispan to the wing tip. Split
flaps simulating drooped allerons were also tested. The flaps were deflected
30° and extended from 69-percent semispan to the wing tip. Details are shown
in figure 3.

Fuselage.- The fuselage was slab sided with rounded corners. It was
approximately 4 feet wide and housed two J-85 gas generators mounted side by
side. The J-85 inlets were high on the fuselage. The nose section of the
fuselage housed the T-58 gas generator and the pitch-fan installation. ’

Tail.- Figure 2 shows the location and geometrical details of the tail.
The all-movable horizontal tall was pivoted about the quarter-chord line. Tail
incidence was varied between O° and 20°. Both the horizontal and vertical tail
were removed during tail-off testing.

Propulsion‘and Control System

The X-353-5B lifting fan engine has been thoroughly described in
references 1, 2, and 3. J85-5 gas generators were used to drive the wing-
mounted 1ift fans. The X-376 pitch-control fan used during the second phase
of the test program was similar to the X-353-5B 1lift fan but with a smaller



diameter and was propelled by exhaust gas from a T-58. All three fans rotated
counterclockwise as viewed from above the model.

Lift-fan installation.- Location of the wing-mounted fans, hereafter
referred to as 1ift fans, is shown in figure 3. The fan installation is shown
in figure 4(a). The fans were completely enclosed within the wing with the
exception of the hub, which protruded from the upper wing surface. T-shaped
diverter wvalves mounted aft of the gas generators were used to divert exhaust
gases to propel the 1ift fans or to provide direct thrust.

Figure 4(b) is a sketch of the lift-fan inlet used exclusively throughout
the investigation. Details of the inlet vanes are given in table II. Inlet
covers were installed during a major portion of the test (fig. 4(a)). The
covers had a bulge on the lower surface to cover the fan hub during conven-
tional flight. Unless otherwise stated, data presented will be for the
configuration with inlet covers.

The high disk-loading 1ift fan consists of a single rotor with 36 blades.
The fan is 62.5 inches in diameter and has a single row of stators below the
rotor. Exit vanes mounted downstream from the stators extended across the tip
turbine exhaust and were used for vectoring and throttling the fan exhaust or
as & covering for the undersurface of the fan during cruising flight. Alter-
nate vanes were linked together to provide two separate gangs on each fan.
Independent actuators allowed differential vane control to provide fan thrust
modulation, yaw, and roll control. Symmetrical actuation provided thrust
vectoring. The vane airfoil sections had a maximum thickness of 10-percent
chord at 20-percent chord and had a maximum of 2.3-percent chord camber of the
mean line at 35-percent chord. '

During the initial phase of the test the turbine exhaust and fan exit
vanes were connected and deflected together. Midway through the test program,
in an attempt to reduce the reingestion of hot gases at the fan and gas gener-
ator inlets in ground effect at low speeds, the turbine exhaust vanes were off-
set 30° aft of the fan exit vanes. Figure 4(c) is a photograph and sketch
showing the offset. This configuration will be referred to as staggered
louvers. The normal configuration will be called straight louvers.

Pitch~fan installation.- Details on the location of the fan in the nose of
the fuselage are found in figure 2. This fan will be referred to as the pitch
fan. The pitch-fan rotor plane of rotation was 2 inches below the wing chord
plane. .

The X-376 pitch control fan is 36 inches in diameter and is aerodynami-
cally similar to the X-353-5B lift fan. The pitch fan was designed to be
operated in conjunction with the X-353-5B propulsion system and pitch-fan RPM
was designed to be 140 percent of lift-fan RPM in this system.

For this investigation the exhaust gas from a modified T-58 gas generator
was used to propel the single-stage tip-turbine-driven fan. The T-58 was



mounted in the forward section of the fuselage with the inlet facing aft. Air
was supplied to the T-58 from the interior of the fuselage and through small
ports in the side of the fuselage.

For the majority of the investigation, lift-fan RPM was held at 1700.
Corresponding pitch-fan RPM was 2400.

Doors were locabed below the pitch fan (figs. 1(d) and 2) and operated
together to give varying degrees of thrust modulation to provide trim and
pitching-moment control. Door positions tested varied from fully open (0°) to
700 closure. Fairings enclosed the pitch-fan installation (figs. 1(b) and (c))
when it was not in use.

TESTING PROCEDURE

Longitudinal force and moment data were obtained for an angle~of -attack
range from 4O to +20° at the high position. The angle-of-attack range became
more limited as the model was placed in the lower ground positions. Lateral-
directional force and moment data were obtained at the high ground position.
Fan performance was measured utilizing scale force data. Thrust of the pitch
fan and left lifting fan was obtained from momentum rakes mounted below the
fans. Airspeed varied from O to 100 knots corresponding to a maximum Reynolds
number of 10.75 million. Fan RPM was varied from 900 to 2400.

Tests at Zero Angle of Attack

At O° angle of attack, fan speed and wind-tunnel velocity were varied
independently . Data were obtained for several exit-vane angles and combina-
tions of differentially deflected vane angles, three flap deflections, and with
the tail on and off at the various positions tested.

Limited static tests were performed outside the wind tunnel with the wing
at 1 fan diameter from the ground. Only ingestion was measured.

Tegts With Variable Angle of Attack

When angle of attack was varied, fan RPM was held essentially constant.
Results were obtained for several fan speeds and tunnel airspeeds. Model ™
variables were the same as those listed above except that four flap deflections
were tested.



CORRECTIONS

Force data gathered with the fans not operating (power off) at the high
position (h/D = 3.85) were corrected for the effects of wind-tunnel wall inter-
ference in the following manner: :

o = q + 0.6k Cr,
Cp = Cp, + 0.0198 Cr,2
Cp = Cm, + 0.010k Cr, (tail-on tests only)

All longitudinal data were corrected for the influence of struts.

Power-off results in ground effect have been corrected for a 1° flow
inclination caused by the ground plane and variable-height strut installation.
Corrections have been applied, where appropriate, to dynamic pressure due to
blockage of the wind-tunnel test section.

No wind-tunnel wall corrections were applied to results obtained with the
fans operating since the effect of fan air flow on wind-tunnel corrections is
unknown .

RESULTS

Tests were conducted at four ground heights, h/D = 3.85, 2.2, 1.7, and 1.0.
The study at h/D = 3.85 was conducted on the normal strut system while the
remaining tests were conducted on the variable-height struts.

Lift-fan tip~-speed ratio will be used as the independent parameter in the
presentation of results unless otherwise stated. Figure 5 shows the relation-~
ship between tip-speed ratio and free stream to fan velocity ratio for the 1ift
fans.

Table IIT is an index to the figures. The first section of figures is
devoted to lift-fan data and aerodynamic characteristics with only the 1ift
fans operating. Aerodynamic characteristics with the pitch fan operating and
general aerodynamic characteristics with three fans operating comprise the
second section. The third section presents control power results. Horizontal-
tail effectiveness, pitch fan and thrust modulator control power, effecks of
pitch-fan control power on longitudinal characteristics, exit-vane angle deflec-
tion to control fan thrust, and the effect of differential control to produce
yaw and roll are included. ©Short sections follow in order on trim and on meas-
ured temperature rise at the fan and gas generator inlets.



Lift-Fan Characteristics

The effects of test and model configuration variables on fan performance
as installed in the wing are presented by the following: Figure 6 shows the
zero airspeed performance of the fans. Figure 6(a) presents 1ift with indi-
vidual fans operating. Figure 6(b) shows the thrust of the left fan as meas-
ured by an equal area momentum rake for three ground heights, h/D = 2.2, 1.7,
and 1.0. Figure 6(c) presents the total lift from both fans. The effect of
forward speed on fan thrust is shown in figure 7. Figures 8(a) and (b) pre-
sent the effect of forward speed and fan RPM on 1ift for three flap deflections
and different ground heights, respectively.

Aerodynamic Characteristics With Only the Lift Fans Operating

The following results present the effect of wing fan operating conditions
and model configuration on longitudinal and lateral-directional characteristics.

Angle of attack of zero.- Figures 9 through 12 show the effects of air-
speed and fan RPM (tip-speed ratio) on longitudinal characteristics.
Figure 9 presents results for h/D = 3.85, several exit-vane deflection angles,
straight louvers, and three flap deflections. Results at h/D =2.2, 1.7, and
1.0 are shown in figures 10, 11, and 12. Data are for a flap deflection of
459, tail off and on, and straight and staggered louvers.

The incremental variation of average downwash at the horizontal tail for
the different ground positions at 0° exit-vane deflection is shown in
figure 13. Results were computed from data in figures 9 through 12 and from
measgured tail effectiveness.

Variable angle of attack.- Figures 14 through 28 present variation of
longitudinal characteristics with angle of attack. Power-off data are shown
in figures 14 through 17. Figure 14 shows the effect of flap deflection with
the tail on and off at h/D = 3.85. Effectiveness of the leading-edge Krliger
flaps is also shown. Reynolds number effect is presented at h/D = 3.85,
tail on, and at h/D = 2.2, tail off, in figure 15 while the effect of ground
height on power-off longitudinal characteristics is shown in figure 16. Vari-
ous inlet closures and exit-vane deflection angles were tested at h/D = 3.85
and the results are given in figure 17.

Data obtained at low tunnel speed with the 1ift fans operating (low tip—
speed ratios) are plotted as forces in figures 18 and 19. Figures 20 through
28 show the variation of longitudinal characteristics, in coefficient form,
with the fans operating at higher tip-speed ratios. Tail-off longitudinal
characteristics for different exit-vane deflection angles are given for three
ground heights in figures 20 through 22. Corresponding tail-on results are
shown at four ground heights in figures 23 through 26. The longitudinal char-
acteristics with Krﬁger flaps on,OO exit-vane deflection and h/D = 3.85 are

presented in figure 27. Figure 28 shows results with the split-flaps deflected
300 at h/D = 2.2 and 0° fan exit-vane deflection.
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Aerodynamic characteristics with sideslip.- The variation of longitudinal
and lateral-directional characteristics for variable angle of attack at side-
slip angles of -12°, 0°, and +12 at h/D = 3.85 is shown in figures 29 through
31. Figure 29 presents power-off longitudinal and lateral-directional char-
acteristics. Low tunnel speed (low tip speed) results plotted as forces are
in figure 30. Higher speed results for -12° gideslip, in coefficient form,
are shown in figure 31.

Constant angle-of -~attack results at h/D 3.85 are presented in figures 32
through 34. Power-off longitudinal and lateral-directional characteristics
at 0° and 8° angle of attack are shown in figure 32. Results at 0° angle of
attack with the fans operating are presented in figure 33. Similar results
for 8° angle of attack are in figure 34.

Characteristics With the Pitch Fan Operating

Performance of the pitch fan and thrust modulator with zero airspeed is
shown in figure 35. The variation of pitch-fan thrust with forward speed and
the relationship between pitch-fan tip-speed ratio and velocity ratio are
presented in figure 36. Pitch-fan tip-speed ratio was approximately 14O
percent of lift-fan tip-speed ratio.

Angle of attack zero.- Figures 37 and 38 present the variation of longi-
tudinal characteristics with velocity and 1ift fan RPM (tip-speed ratio) for
several exit-vane angles at two ground heights. Two flap positions and pitch-
fan thrust modulator settings are shown at h/D = 2.2 in figure 37. Similar
results at h/D 1.0 are given in figure 38. TFigure 38(d) shows character-
istics with the split flaps installed.

Variable angle of attack.- Variation of longitudinal characteristics with
angle of attack is shown in figures 39 through 43. Tail-off results obtained
with only the pitch fan operating, the lift-fan apertures closed, h/D = 2.2,
and with the thrust modulator at 60° are presented in figure 39. Data Shown
in figures 40 through 43 are for the pitch-control fan operating in conjunc-
tion with the 1ift fans. Low tip-speed ratio results for two ground positions
and two exit-vane angles, plotted as forces, are shown in figure 40. Figure 41
through 43 present characteristics at higher tip speeds in coefficient form.
Results at h/D = 2.2 for 0° exit-vane deflection and 60° thrust modulator
setting are shown in figure 42. Longitudinal characteristics at h/D = 1.0
are shown in figure 43.

Control Power

Horizontal-tall effectiveness is presented in figure Ul. Control power of
the pitch-fan and thrust modulator installation is shown in figure 45. The
variation of longitudinal characteristics with velocity and fan RPM (tip-speed
ratio) for the pitch-fan and modulator installation at two ground heights is
shown in figure 46.
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Figure 47 presents the effect of thrust control on longitudinal charac-
teristics for various tip-speed ratios at h/D = 3.85. The effect of roll con-
trol and yaw control on longitudinal and lateral-directional characteristics at
n/D = 3.85 is shown in figures 48 through 53. Results in figures 48 through 51
are at 00 sideslip while figures 52 and 53 present data at -12° sideslip. ILow-
speed characteristics plotted as forces are shown in figurés 48 and 50. Results
in figures 49 and 51 are in coefficient form. Longitudinal and lateral-
directional results at -12° sideslip for low tunnel speed (Low tip-speed
ratios), plotted as forces, are shown in figure 52. Similar results for higher
tip-speed ratios, in coefficient form, are presented in figure 53.

Trim

The variation of longitudinal characteristics with angle of attack near
trimmed conditions is shown in figure 54. Data are presented for three ground
heights with and without the pitch fan operating.

Ingestion

Temperature rise above ambient at the fan and gas generator inlets as a
measure of exhaust gas reingestion is shown in figures 55 through 57. Fig-
ure 55 presents the temperature rise at the fan and gas generater inlets for
h/D = 1.0, low forward speed (0 to 5 knots), and straight and staggered louvers.
The rise in temperature at the lift-fan inlets for higher forward speeds at
n/D = 2.2, 1.7, and 1.0, exit-vane angles of 0°, 15°, and 30° with staggered
louvers is shown in figure 56. Similar results with straight and staggered
louvers are presented for the gas generator inlets in figure 57.

DISCUSSION

Tift-Fan Performance

Lift-fan performance was measured under static conditions and with forward
speed, in and out of ground effect. Temperature probes were placed at the fan
and gas generator inlets to measure the temperature rise attributable to
exhaust gas reingestion in ground effect during hovering and STOL conditions.

Zero_speed .- At zero forward speed, measured fan thrust for the model of
this investigation was comparable to that of the previous fan-in-wing study
(ref. 1). The effect of ground proximity on fan thrust with the 1ift fans
operating (fig. 6(b)) indicated a fan thrust loss of approximately 15 percent
near the ground. The fan-in-fuselage model (ref. 3) had an adverse ground
effect amounting to 23 percent of the total 1ift out of ground effect of which
14 percent was attributed to fan thrust loss and 9 percent to adverse effects
on the model. In spite of the thrust loss, the model of this investigation
showed no effect of ground proximity on total 1ift (fig. 6(c)); thus a
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favorable ground effect on lift was sufficient to compensate for the adverse
effect on fan thrust. The effect of exhaust gas reingestion in hover was minor.
During these conditions the fan flow spread radially along the ground surface,
except near the line of symmetry where it was confined to fore and aft flow.
During windy conditions, the hot gas was picked up and blown back in the vicin-
ity of the model so that both the fan inlets and gas generator inlets could

ingest the hot air. In light winds, temperature rise in all inlets was under
10~.

Forward speed.- The variation of fan thrust with forward speed was nearly
identical with that reported in reference 1 (see fig. 58). Fan thrust for both
fan-in-wing investigations decreased with increasing air speed at tip-speed
ratios above 0.12. With forward speed, ingestion was a significant problem
because the blowback of hot gases became more severe. The path between fan
exit and inlet was short, so that a temperature rise in excess of 50° occurred
in the fan inlets. Temperature rise at the gas generator inlets exceeded 300.
Vectoring the fan turbine exhaust 30° aft of the fan exit vanes (stag%ered
louvers, see fig. 4(c)) was beneficial in reducing ingestion. With 0~ exit-
vane deflection, increasing distance above the ground from h/D = 1.0 to 2.2
reduced the maximum speed at which ingestion occurred from approximately TO to
40 knots with a maximum temperature recorded of 50° at h/D = 1.0 and 40° at
n/D = 2.2. With 15° exit-vane deflection,a meximum temperature rise of 30° was
measured at kvb = 1.0 with the maximum speed for ingestion of approximately
50 knots but increasing h/D to 2.2 eliminated ingestion. With 30° exit-vane
deflection, ingestion was negligible at all ground heights tested. The largest
temperature rise measured at the fan inlets with staggered louvers would
require a 4 ,5-percent increase in fan speed to compensate for the thrust loss.

Aerodynamic Characteristics With the Lift Fans Operating

Out of ground effect.- With only the 1ift fans operating out of ground
effect, total 1lift increased with increasing airspeed. Comparison of the two
large-scale fan-in-wing studies (fig. 58) shows a smaller increase in 1ift with
airspeed for the configuration of this investigation than for the configuration
of the previous program (ref. 1). Lift with the fans operating is comprised of
aerodynamic 1lift and fan thrust. Fan thrust and airfoil camber were essen-
tially the same for the two tests. Comparisons were made at 0° angle of attack
with the flaps up; therefore, the smaller increase in total 1ift with airspeed
in this investigation is due to less induced 1lift. TFigure 59 1s a comparison
of the variation of induced 1lift with airspeed for the two investigations. At
a tip-speed ratio of 0.30, induced 1ift was 50 percent less for the subject
model. The increased fan area to wing area ratio of the model for this investi-
gation and differences in wing geometry and fan spacing are probably respon-
sible for this smaller value.

Lift induced by fan operation is a significant part of the total 1ift in
wing fan installations. A method of estimating induced 1ift 1s presented in
reference 5.
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In ground effect.- Figure 60 presents the variation of lift-to-static-
thrust ratio with velocity ratio (at constant fan speed) for three ground
heights. In the low position (h/D = 1.0), with straight louvers, a reduction
in 1ift below the static value was caused by ingestion in the 1lift fans. This
1lift loss was eliminated by staggering the turbine exhaust louvers 30° aft
which reduced the temperature rise of the air ingesting into the 1lift fans. As
thege results were compared at a constant fan RPM, the above comparison may not
be valid. If results are compared at a constant throttle setting, and the gas
generators are free of ingestion, an increase in fan speed occurs when the fans
ingest exhaust gases, thus compensating for the 1ift loss. This type of opera-
tion and constant RPM operation are compared in figure 61 for an h/D of 1.0.
Constant power operation had a much larger increase in 1ift with airspeed
because of the compensation for hot gas ingestion in the fan. TFigure 62 pre-
sents the variation of 1ift with airspeed for constant power at the four ground
heights tested; low-speed results are similar while at higher speeds a
favorable ground effect is evident.

Aerodynamic Characteristics With the Pitch Fan Operating

The aerodynamic effects of operating a pitch~contrel fan forward of the
wing, necessary in this model for hovering and low-speed pitching-moment con-
trol, are shown in figures 63 and 64 for ground heights of 2.2 and 1.0 fan
diameters.

Effect on 1lift.- As shown by the results in figure 63, at an h/D = 2.2
with the thrust modulator positioned at 0° and 60°,the pitch-fan contribution
to total 1lift decreased with increasing airspeed. Measured pitch-fan thrust
was essentially constant over the speed range tested, and a variation in pitch-
ing moment did not accompany the 1ift loss, indicating that induced effects at
the nose of the aircecraft were negligible. These facts indicate the 1lift loss
with a O° modulator setting is attributable to an unloading of the wing behind
the pitch fan due to downwash. This conclusion is verified by the data at an
h/D of 1.0, where downwash on the wing is of a lower order of magnitude due to
constraint of flow by the ground plane; the results show an increase in 1lift
with airspeed. The 1lift loss for an h/D = 2.2 and the thrust modulator doors
at 60° is caused by the pitch-fan exhaust blowing across the doors and exiting
in a horizontal plane at right angles to the free-stream air flow. This flow
probably blocks the free-stream air flow resulting in less dynamic pressure
over the wing and therefore less 1lift. A gimilar flow interaction has been
reported when a target type thrust reverser was used on a single engine jet
aircraft (see ref. 6). Results shown in figure 64(a) also support this expTa-
nation. At an h/D = 2.2, with tail off, and with the thrust modulator doors at
60° and only the pitch fan operating, the lift-curve slope is significantly
reduced at low forward speeds. The power-off value of the lift-curve slope 1is
not approached until a pitch-fan tip-speed ratio of 0.30 is reached. Whereas
the reduction in 1ift contributed by operation of the pitch fan was significant,
total model 1lift with all three fans operating was not reduced below the static
value throughout the transition speed range.
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Effect on pitching moment .- The change in static margin due to pitch-fan
operation is shown in figure 64(b) for an n/D = 2.2 and thrust modulator
positions of 0° and 60°. With only the pitch fan operating for the tail-off
configuration, modulator doors at 60°, a significant destebilizing effect is
present below a pitch-fan tip-speed ratio of 0.25.- Similar results are shown
with the pitch fan operating in conjunction with the 1ift fans for the tail-
on configuration, straight louvers, with the thrust modulator doors at 60°.
(The shaded area in the figure represents the band of uncertainty in the
results.) These results indicate that the thrust modulator doors at 60° act
as a small canard. Pitch-fan exhaust blowing over the doors increases the
canard effectiveness in the low-speed range, resulting in the unstable trend
in static margin. With all three fans operating for the tail-off configura-
tion, staggered louvers, and with the modulator doors at OO, a pitch down or
stabilizing contribution from the pitch fan for the tip-speed range is
indicated.

Effect of pitch-fan operation on transition performance .- Power and
control requirements for balanced flight as computed from the test results
for an aircraft weight of 9500 pounds are presented in figure 65 to illus-
trate the effects of pitch-fan operation on transition performance. Two
possible flight plans are outlined. The first consists of maintaining a con-
gtant angle of attack of 0° throughout transition, varying fan speed, and
operating the pitch fan continuously, providing as much trim as necessary for
balanced flight. The second plan involves maintaining a constant throttle
setting, turning the pitch fan off at approximately 50 knots, and varying
angle of attack to maintain balanced conditions.

Continuous operation of the pitch fan as outlined in the first profile
results in a maximum possible conversion speed of approximately 105 knots
(corresponding to 120 percent of stall speed on a standard day). Altering
the flight plan by either exit louver deflection or angle of attack will not
significantly alter the maximum conversion speed since 100-percent fan speed
would be exceeded with fan exit-vane deflection angles of 40°, and further
deflection of the exit vanes at 0° or lower angles of attack would result in
a significant 1ift loss. Increasing angle of attack and fan exit-vane
deflection would not provide sufficient 1ift and thrust to extend the con-
version speed. The maximum conversion speed can be extended by turning the
pitech fan off at approximately 50 knots when it is no longer needed for trim
or pitching-moment control. In so doing, drag is reduced, power requirements
are decreased, and, by varying angle of attack, required lift-fan exit-vane
deflection angles are reduced. A speed of 120 knots is reached before fan
exit-vane deflection angles of 4O° are necessary; however, in this cgge,
angle of attack, fan speed, and exit-vane deflection can be varied to extend
the conversion speed somewhat. Results of the foregoing discussion indicate
that continuous operation of the pitch fan throughout transition when it is
not needed for trim or control lowers the maximum possible conversion speed
by approximately 20 knots. ’

Horizontal-tail incidence and tail angle of attack required to maintain
balanced flight are essentially the same for the two methods outlined.

14



SUMMARY OF RESULTS

A full-scale wind-tunnel investigation of a V/STOL fan-in-wing model has
shown positive 1ift induced by fan operation was present at all ground posi-
tions tested, although the amount of induced 1ift was less in this investiga-
tion than in the previous large-scale fan-in-wing study.

The adverse effect on lift-fan performance by the ingestion of exhaust
gases during STOL operation can be minimized by (1) vectoring the exhaust
gases away from the fan inlets and placing the gas generator inlets to reduce
ingestion, and (2) designing the fans to permit constant power operation.

Pitch-fan operation and thrust modulator door position produced detri-
mental effects on the aerodynamic characteristics of the model. The pitch-
fan contribution to total 1ift decreased significantly with increasing
airspeed as distance from the ground increased. The contribution of the
pitch fan to static margin was destabilizing at low tip-speed ratios when
the thrust modulator doors were positioned at 60°; however, with the doors
fully open a stabilizing contribution was present. '

Continuous operation of the pitch fan throughout transition when it is
not needed for trim or pitching-moment control lowers the maximum possible
conversion speed by approximately 20 knots.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Jan. 30, 196k -
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TABIE I.- COORDINATES OF WING AIRFOIL SECTION (NACA 65-210 MODIFIED) PARALLEL

TO MODEL PLANE OF SYMMETRY

Upper surface Lower surface
x/c z/c X/C Z/C

0 0 0
.00435 .00819 .00569 | -.00776
.00678 .00999 .00827 | -.00925
.01169 .01273 .01337 | -.011k1
.02408 01757 .02598 | -.01498
.04k898 .02491 .05110 { -.0201k4
.0739k4 .03069 07614 | -.02431
.0989k .03555 .10k17 | -.02812
.14899 .04338 .13889 | -.0319k4
.19909 .04938 .17361 | -.03486
.2ho2] .05397 .20833 | -.03708
.29936 .05752 27778 | -.03868
.34951 .05954 3h7e2 | -.03910
.39968 .06067 L1667 -.03924
Lho8h .06058 L8611 | -.03861
.50000 .05915 .55556 | -.03618
.55014 .05625 62500 | -.03146
.60027 .05217 65972 | -.02806
.65036 .0k712 69954 | -.02Lk0k
.70043 .04128 74952 | -.01867
75045 L0379 79953 | -.01325
.8004kL .02783 .84959 | -.00803
.85038 .02057 .89970 | -.003k4k
.90028 | -.01327 04085 | -.00009
.9501h .00622 | 1.00000 { O -

1.00000

Leading-edge radius: 0.00687

Slope Ef radius through leading-edge:
0.08

17



TABLE IT.- INLET VANE DETAILS

Fixed

Circular | Fixed Fixed Fixed Fixed
vane vane 1 | vane 2 | vane 3 | vane 4 | vane 5
Maximum thickness,
percent 12.0 9.0 9.7 9.0 9.9 9.1
Location of maximum
thickness, percent 25.5 20.0 20.0 20.0 20.0 20.0
Camber of mean line,
percent 9.7 3.0 3.0 3.0 1.5 0
Location of camber
of mean line, 46.8 40.0 50.0 45.0 40.0 0
percent '
Chord 5.12 6.0 6.0 6.0 6.0 5.85

18




6T

TABLE III.- LIST OF FIGURES

) oy B, v, i, Op, Turbine
Figure | h/D deg deg knots dgg dgg louvers Remarks
Lift-fan characteristics
5 - - 0 - —-—- --- -=- Relationship of velocity
ratio to tip-speed ratio
6 - 0 0 -— —— - Lift fan performance
T -—- Variable --- - - Effect of forward speed
- on fan thrust
8(a) 3.85 Variable Off |Variable| Straight |Effect of forward speed
and fan RPM on 1lift
8(b) |Variable Variable 0 450 Both Effect of forward speed
! and Tan RPM on Lift
Longitudinal data at zero angle of attack (1ift fans operating)
9(a) 3.85 0 Variable Variable Off 0 Straight
9(b) 0 Tnlet covers off
9(e) 30
9(a) L5
9(e) 0 :
10(a) 2.2 off Staggered |Inlet covers off
10(b) off Staggered
10(c) 0 Straight
10(a) + Straight
10(e) Staggered |Split flaps
11(a) 1.7 Off Staggered
11(b) ‘ 0 Straight
11(c) 0 Staggered
12(a) 1.0 Off Staggered |Inlet covers off
12(b) v 0 Straight
12(c) 0 Staggered
13 3.85,2.2] ¥ 0 ' 0 --- Average dovwnwash at
1.7,1.0 Y horizontal tail
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TABLE III.- LIST OF FIGURES - Continued

A B v, it, Of, Turbine
Figure h/ D d:é deé knots deg deg louvers Remarks
Longitudinal data at variable angle of attack (1ift fans operating)
4(a) | 3.85 |variable 90 80 0  |0,30,45,50| Sealed |Power off
14(p) + ore | 0,45,50
1h(c) 0 L5 Effect of Krlger flaps
15(a) 20,40,60,80| 0,20 0,45 Sealed |Power off Reynolds
_ number effect
15(p) | 2.2 20,40,60,80| Off 0,45 J
16 Variable Y 80 Off L5 Effect of ground height
17 3.85 Variable 80 0 45 Straight |Effects of fan inlet and|
. exit closure
18(a) | 3.85 0 20,30 off 30,45 Straight
18(b) | 2.2 0,20 30 L5 Staggered
18(e) | 1.7 20 30 Staggered
19(a) | 3.85 0,8,12 20,30 0,16,20 Straight
19(p) | 2.2 0,20 30 0 Both
19(e) | 1.7 0,20 30 ‘ Straight
19(a){ 1.0 0,20 30 [ Both
20(a) | 3.85 0 L0,60,80 Off 30 Straight
20(b){ 3.85 0 40,60,80 L5
20(c) 20 Lo,60 l
20(a) 35 60,80
21(a) | 2.2 0 40,60 Staggered
21(b) | 2.2 20 30,40,60,80
22(a) | 1.7 0 40,60 Jv
22(p) | 1.7 20 40,60,80 !
23(a)| 3.85 0 40,60,80 0 Straight
23(b) | 3.85 40 80,100 Straight
eh(a)| 2.2 \ 0 %0,60,80 Both
24 (p) * 20 40,60 Straight
2lh(e) 35 40,60,80 Straight
25(a)| 1.7 0 L0,60,80 Both
25(1) Y 20 40,60 { Straight
25(c) 35 10,60,80 v Straight
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TABIE III.- LIST OF FIGURES - Continued

) o, v, it, Op, Turbine
Figure h/D deg dgé knots dgg dgg louvers Remarks
26(a) | 1.0 |Variable 0 %0,60,80 0 L5 Straight
26(b) 20 10,60 Both
26(c) 35 40,60,80 Straight :
o7 3.85 0 40,60,80 Straight |Krlger flaps installed
28 2.2 0 40,60,80 Straight |Split-flaps
Aerodynamic characteristics with sideslip; variable angle of attack (lift fans operating)
29(a) | 3.85{Variable 90 60 0 45 Sealed |Power-off longitudinal
A characteristics
29(b) 90 - 60 0 Sealed |Power-off lateral-
directional character-
istics
30(a) 8,12 20,30 20 Straight |Longitudinal character-
lstiecs
30(b) 8,12 20,30 Lateral-directional
characteristics
31(a) 16,25 40,60 Longitudinal character-
istics
31(b) Y 16,25 40,60 ' Lateral-directional
Y Y ‘ ! characteristics
Aerodynamic characteristics with sideslip; constant angle of attack
32(a) | 3.85 0,8 90 80 0 L5 Sealed | Power-off longitudinal
characteristics
32(p) 0,8 90 80 0 Sealed | Power-off lateral-
directional character-
istics
33(a) 0 8,12,16,25 [20,30,40,60 20 Straight | Longitudinal character-
istics
33(p) 0 8,12,16,25 |20,30,40,60 Lateral-directional
90 80 characteristics
34(a) 8 16,25 40,60 Longitudinal character-
istics
34(b) Y 8 16,25,90 40,60,80 Y Y Lateral-directional

characteristics
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TABLE III.- LIST OF FIGURES - Continued

B,

Figure w/D @, 8, v, it Turbine
€ / deg deg knots deg deg louvers Remarks
Pitech fan and thrust modulator characteristics
35(a) -—— 0 -— 0 -—— -— - Variation of 1lift with
RPM
35(b) -—- -— 0 -~ - - Thrust reverser char-
acteristics
36(a) --- --- Variable -—- -—- - Variation of thrust
. with forward speed
36(b) -—- --- Variable -—- -—- -—- Relationship of velo-
city ratio to tip-
Y speed ratio
Longitudinal data at zero angle of attack (three fans operating)
37(a) 2.2 0 Variable Variable Off L5 Staggered | &, = O
37(p) | 22 0 By = 60
38(a) 1.0 0 By = 60
38(b) 5 By =0
38(c) By = 60
38(a) &y = 60, split flaps
Tongitudinal data at variable angle of attack (pitch fan only operating)
39 2.2 Nariable 90 20,30,40, 60,80 Off 45 Sealed By = 60
Longitudinal data at variable angle of attack (three fans operating)
I¥o) 2.2,1.0{Variable] 0,20 30 0 45 Straight | &, = 45,60
41(a) 2.2 0 40,60,80 Off Staggered | 8y = O
41(p) 20 o) Off Staggered | 8y = 0,30,45,60
Lo 0 30,40,60 0 Straight | &, = 60
43 1.0 |, 20 Lo,60 0 Straight | 8y = 60




TABIE III.- LIST OF FIGURES - Continued

: Qy B, v, it, of, Turbine
Flgure deg deg knots deg deg louvers Results
Control power

Ll -—— - 40,60 Variable _— -—- Horizontal-tail effec-
tiveness

L5 - -— 0 - -—— - Pitch-fan and thrust
modulator control
power

L6(a) 0 0 0 L5 Straight | &, = 0,30,45,60,T0

16(b) 20 0 dy = 0,30,45,60,70

L7 8,12,18,25 20,30,40,60 0 Thrust control

48(a) 8 20 +1 Roll control

48(b) 8 20

4o(a) 12,18,25 30,40,60 l

49(b) 12,18,25 30,40,60

50(a,) 8 20 Yaw control

50(b) 8 20

51(a) 12,18,25 30,40,60 . l

51(b) 12,18,25 30,40,60 Y

52(a) 8 20 20 Yaw and roll control,
Bg = =12

52(b) ' 8 20

53(a) Varisble| 12,18,25 30,40,60 l

53(D) Variablel 12,18,25 30,40,60 V } Y

Trim characteristics

54(a) Variable|18,25,36,38 | 40,50,70,80 16,20 45 Straight

54(Db) L 22,35,45 40,60,72 16,17 &y = 0,60

54(c) 32,45 40,50 12,16 By = 60
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TABLE IIT.~ LIST OF FIGURES - Concluded

Figure| h/D @, B, v, igs B¢, Turbine
€ deg deg knots deg deg louvers Remarks
Exhaust gas reingestion
55(a) 1.0 0 o 0-5 -— 45 Straight | Fan and gas generator
. ‘ "] inlets
55(b) 1.0 0 0-5 Staggered | Fan and gas generator |
, ‘ inlets
56(a) [1.0,1.7, 0 Variable Wing-mounted 1lift-fan
2.2 inlets !
56(D) 15
56(c) 30
57(a) 0,15,30 Straight | J-85 gas generator inlets
57(b) Y 0,15,30 Y Y \ Staggered | -85 gas generator inlets
Discussion
58.- Comparison of large-scale fan-in-wing variation of 1ift with airspeed.
59 .~ Comparison of the variation of fan induced 1lift with airspeed.
60.- Constant fan RPM.
61.~ Effect of constant power.
62.- Equivalent power setting.
63 .- Effect of airspeed on the variation of 1ift and moment due to pitch-fan operation.
64.- Effect of pitch-fan operation on lift-curve slope and longitudinal stability.
65.~ Power and longitudinal control requirements for unaccelerated flight.




A-29509
) (2) Ground height h/D = 3.85.

Figure 1.- Photographs of the model mounted in the Ames 40~ by 80-foot wind tunnel.
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A-30197

(v) Ground height hn/D = 2.2.

Figure 1.- Continued.
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(c) Ground height h/D = 1.7.

Figure 1.- Continued.

A-30195



A-30211

(d) Ground height h/D = 1.0.

Figure 1l.- Concluded.




c/4 Line

/) c/4 Pivot line —_|
- 19.76
c=10.14 . i
3.0 dia : 7.2
P | e
10.2] 1
' I
14.90 -4 48~
pui B
Pitch fan _ 899 —
%ﬁﬁj | 12.88

9 Q/Thrusf modulator doors

A—A
Pitch fan installation

¢ Fan
~.833
A= R
73, |
] - il . ] 3 = =
‘\EE\ 100 !
A= 3 2!.39
f= 16.456 —
Thrust modulator doors
Wing Horizontal tail
Area 285.6 56.7
Aspect ratio 311 2.82
Taper ratio .32 1.00

Airfoil section 65-210 (Mod.) 63-009

All dimensions in feet
unless otherwise noted

Figure 2.- Geometric characteristics of the mocel.

29



Kriiger flaps

5.20 Fan diameter

6.33 Installation diameter

A L Split flaps

b1—200
4956 —= <> 797 —

—+

Pivot point of flop—/
2.82"

15.90"
Section A-A

All dimensions are in feet
unless otherwise noted

Figure 3.- Details of the high 1ift devices and location of the 1lift fans.



A-30114-1
Inlet covers removed.

Inlet covers installed.

(a) Photographs of the lift-fan inlet.

Figure L4.- Details of the lift-fan installation.
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A A
Air flow
Spanwise
3.75 Bellmouth radius 68l 606 inlet vanes
~—11.62—1=—12.06
Circular inlet vane o
<o ¢ Rotor

Tip turbine

6.9°\ " 155
9.0° '\ ]
\

: A
N 77525 4809 ’ |

iy =SS ——— =1 %0
TR T S -
6.28 ‘lﬁ\( -—Jé.zs

\—5.0 Except as noted

Section A-A
See table O for coordinates All dimensions in inches
of inlet vanes unless otherwise noted

(b) Details of the fan inlet.

Figure 4.- Continued.



Underside of fan.

== — + — = Rotor ¢

Forward —

Turbine exhaust louvers

Fan exit vanes

Intervane clips -

(c) Staggered louvers.

Figure 4.- Concluded.
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Figure 6.- Zero airspeed performance of the model; «
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Left fan
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(a) Lift with individual fans operating.
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5 6

0°, B = 0°.
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s

(b) Thrust of the left fan.

A

h/D
o 22

& e

| 2 3 4 5 6 7
(RPM)2 x 1076

(c) Total 1lift with both fans operating.

Figure 6.- Concluded.
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.4
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(a) Effect of trailing-edge flap deflection; h/D = 3.85, tail off.

Figure 8.- The effect of forward speed and fan RPM (tip-speed ratio) on 1ift at constant fan RPM;
‘ a =09 B =0° 1700 RPM.
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h/D Louvers
3.85 Straight
2.2 Staggered
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®
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(b) Effect of ground height; tail on, o = 45°.

Figure 8.- Concluded.
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(a) Tail off, & = 0°.

Figure 9.- Variation of longitudinal characteristics with tip-speed ratio;
/D = 3.85, a = 0°, straight louvers, 1700 RPM.
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(b) Tail off, B = 0°, inlet covers off.
Figure 9.- Continued.
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(e) Tail off, B = 30°.

Figure 9.- Continued.
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(d) Tail off, Bp = 45°.

Figui‘e 9.~ Continued.
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Figure 9.- Concluded.
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(a) Tail off, staggered louvers, inlet covers off.

Figure 10.- Variation of longitudinal characteristics with tip-speed ratio;
n/D = 2.2, a = 0°, & = 459, 1700 REM.
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(b) Tail off, staggered louvers, inlet covers on.

Figure 10.- Continued.
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(¢) Tail on, straight louvers.

Figure 10.- Continued.
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(d) Tail on, staggered louvers.

Figure 10.- Continued.
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(e) Tail on, straight louvers, split flaps.

Figure 10.- Concluded.
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(a) Tail off, staggered louvers.

Figure 11.- Variation of longitudinal characteristics with tip-speed ratio;
n/D = 1.7, o = 0°, & = 459, 1700 RFM.



14 —0
i2 B.deg

&) o -2
10 o a 0

\ o 15

A 30
& N 40
O 50
T T'K
4
2 a
i O iy -
0
4
2 o 1
s —— ol

0 e a a

/4/34
. g
N
.8
4 A\‘ e
0 42‘/0 i

=

-4 é/ﬂr
-.2 Ijo —
-1.6

(b) Tail on, straight louvers.

Figure 11.- Continued.

51



52

B,deg
\ o -l2

10 \ O 0
\\ <o 15
8 A 30

|

L
\\%

0 04 08 2 6 20 24 28 .32
,U.

(c) Tail on, staggered louvers.

Figure 11.- Concluded.
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(a) Tail off, staggered louvers, inlet covers off.

Figure 12.- Variation of longitudinal characteristics with tip-speed ratio;

h/D = 1.0, a = 0%, B, = 45°, 1700 REM.
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Figure 12.- Continued.

.32

.36



14 B deg
o -lz2

12 O 0]
(i o 15

A 30

O
=
10°) '®)
4>
%/E}

0 04 08 12 16 20 24 28 32 36
7

(¢) Tail on, staggered louvers.

Figure 12.- Concluded.

55



9¢

24

20

0

Figure 13.~ Average incremental downwash atlthe tall due to fan operation; a = 0°, B = OO,

—

h/D

3.85
2.20
.70
1.02

1

04

08

.20

24

.28

32

.36

6f = )-1-50.



890w 08 = A {

¢psTEeS S9STUT ‘.06 = § Cg € = @/U f3J0 Ionod UITA SOTISTISIOBIEYD TBUTPAITSUOT - HT ML

‘00 = T ‘uo TTeL (®)

o]
o) 0z 91 21 8 ¥ O - 8- a5
. T |- > e v o 3 . om.-
O Q b-
,_A/AA N.I
\ % O
>
0G v \\ .H BT¢
St < Y |_O
Oo¢ O _ \\ . J
O 0 : . el 5
bap‘?Q \ \ N\
< 2 oy K¢ 8
Q \ - Q) Ol

S | | |

|

o1



PONUTAUOY - 4T 2INITTd

* 230 TTeIL (4)

0S o \\L\

HEy%

Ol

al

1d

58



6S

N x\if

o

[

mw

o 45

& 45

:.

deg deg

O Kriger Flaps
0

\/

o

/!

o |

4 5

8 -4 0 4 8 2

Q

(¢) Effect of Kruger flaps; tail o

Figure 1&.- Concluded.

2
l6 20

n.



09

16
|4 . . b o~
12 {4 : A ; ﬁ.\ 5.k
1O 10} —; A——or 8l
off 8f1 |11 " E/{ o
8 _ V' deg deg RxI0™® / ) //
e[l o020 45 0 215 7y
CL 040 45 O 430 /
4 ©60 45 O 645 ¢ 7
280 45 O 860 /
2 080 0 0 86 )J/
0 .
-2 . f/
-4 1% 2
01 2 3 4 5 2 -l -2 -3
Cp -8 -4 0 4 8 12 16 20 "
Q
) () n/D = 3.85, tail on.

Figure 15.- Effect of Reynolds number on power off longitudinal characteristics; B = 900, Inlets

sealed.



" POPNIOUOY - (T oInTTg

"J3o TTe% ‘gtz = q/u (9)

EU 0. DO
b- ¢ 2- I- 0 o 21 8 ¥ O v¥- & ¥ ¢ ¢
\ 4
{19 |X WA
V%OHM
098 O
098 &b
S¥9  Cb
osvy Gb
Gl'Z Gy 02 o
9-01XY Bop A
a%m

61



*S0W 08 = A ‘oGh = IQ ‘FIO TTBY ‘paTESS {
gaoTut ¢ oom = ¢ {80T9STJIS30BIBYD TBUTPNGTSUOT JJO Jomod UO JUITSY PUNOLS JO 309IJH -*QT OJNITI

o]
o) 02 9 2 8 v 0O - 8- 95
2- - o0 I 2 ¢ ¥ & 2 I 0o
2 -
\G
0
mf\
/| >
Ol v \
'l © . v
22 0O n_o
G8¢ o 9
as\y
o
0]
Q A
vl

62



{

530U 08 = A ‘ol = R ‘o0 = HT ‘uo TTe? ‘G- € = a/u £330 zamod yzTM
SOTQSTA090BIBYD TEUTPNATSUOT UO s1TXe pue s3oTur uel usdo L79aed J0 uado SNOTJIBRA JO 40933d -*)T 9INSTJ

o

e- 2= |

- 0

O¢c 9 <l

0

8 v O - 8- ‘oo

il
(T4

y

i

P3|D8S pPasoO|) v
uadp paso|n ¢
pejpess  Ob O
uwdo OF o

}o|ur bep‘g

i

Ol

¢l

1d

91

63



79

60

\'>
(K

oK

56 e
> o ‘\< O
L/8 At J—-$~n K Bl
=50 52 g&ﬁﬂ‘ SR o R ﬂﬁtgpg—
B,deg 1V 8,deg :

48 o0 .07 20 45
¢ 0 109 30 30

44

O IO 20 -4 O 4 8 l2 16 20 3 2 I O - -2
o/ Q M/
|00 | 000
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Figuré 18.- Longitudinal characteristics with fans operating at low tip-speed ratios; tail off,
’ 1700 RPM.
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1700 RPM.
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Figure 25.- Longitudinal characteristics with fans operating; n/D = 1.7, tail on, iy = OO, op =

1700 RPM.
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Figure 26.- Longitudinal characteristics with fans operating; h/D = 1.0, tail on, iy = OO, op = 450,

straight louvers, 1700 RPM.
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Figure 28.- Longitudinal characteristics with split flaps simulating drooped ailerons; h/D = 2.2,
B = 0%, tail on, it = 00, B¢ = 459, straight louvers, 1700 RPM.
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Figure 29.- Effect of sideslip on aerodynamic characteristics; n/D = 3.85, B = 90°, inlets sealed,
\ tail on, iy = 0°, 8 = 45°, straight louvers, V = 60 knots.
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(b) Lateral-directional characteristics.

Figure 30.- Low—épeed aerodynamic characteristics at sideslip; h/D = 3.85, tail on, iy = 200, O = 450,
straight louvers, 1700 RPM.
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Figure 31.- Aerodynemic characteristics at sideslip; h/D = 3.85, tail on, it = 20°, Op = 450,
straight louvers, 1700 RPM.
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(a) Longitudinal characteristics.

Figure 32.- Effect of sideslip on power off aerodynamic characteristics;
h/D = 3.85, B = 90°, inlets sealed, tail on, it = 0°, 8p = 459,
V = 80 knots.
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Flgure 33.- Effect of 51desllp on aero@ynamlc characteristics; h/D = 3.85,
= 0°, tail on, iy = 20° = 459, straight louvers, 1700 RPM.
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Figure 34.- Effect of sideslip on aerodynamic characteristics; h/D = 3.85,
a = 8%, tail on, it = 20°, & = L5C, straight louvers, 1700 RPM.
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Figure 35.- Zero alrspeed performance of the pitch fan; a = 0O°.
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(a) Variation of fan thrust with forward speed.
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(b) Relationship between tip-speed ratio and velocity ratio.
Figure 36.~- Installed characteristics of the pitch fan with forward speed;
o = 00, &, = 0°. :
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louvers, 1lift fan RPM = 1700, pitch fan RPM = 2400.
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Figure 42.- Longitudinal characteristics with three fans operating; h/D‘= 2.2,‘5 = OO, Bm = 60°, tail
on,iy = 09, & = 459, straight louvers, 1ift fan REM = 1200, pitch fan RPM = 1600.
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Figure 43.- Longitudinal characteristics with three fans operating; h/D = 1.0, B = 20°, &, = 60°, tail
on, it = 00, B = 459, straight louvers, 1lift fan RPM = 1200, pitch fan RPM = 1600.
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Figure 46.- Concluded.
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Figure U48.- Effect of roll control on aerodynamic characteristics at Tlow tip-
speed ratios; h/D = 3.85, o = 0°, Bg = 0°, tail on, iy = 1°, & = 459,

straight louvers, 1700 RPM.
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(b) Lateral-directional characteristics.

Figure 48.- Concluded.
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(a) Longitudinal characteristics.

Figure 49.- Effect of roll control on aerodynamic characteristics; h/D = 3.85,
@ = 0°, Bg = 09, tail on, iy = 1°, B = 459, straight louvers, 1700 RPM.
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(b) Lateral-directional characteristics.

Figure 49.- Concluded.
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(a) Longitudinal characteristics.
Figure 50.- Effect of yaw control on aerodynamic characteristics at low tip-

speed ratios; h/D = 3.85, o = 0°, Bg = 0°, tail on, it = 1°, & = 450,
straight louvers, 1700 RPM.
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(b) Lateral-directional characteristics.

Figure 50.- Concluded.
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Figure 51.- Effect of yaw control on aerodynamic characteristics; h/D = 3.85,
@ = 09, By = 0°, tail on, iy = 19, B = 450, straight louvers, 1700 RPM.
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(b) lateral-directional characteristics.

Figure 51.- Concluded.
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Figure 52.- Effect of yaw!and roll control on aerodynamic characteristics at
low tip-speed ratios; h/D = 3.85, a = 0°, Bg = -12°, tail on, iy = 20°,

dr = 459, straight louvers, 1700 RPM.
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Figure 52.- Concluded.
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(a) Longitudinal characteristics.
Figure 53.- Effect of yaw and roll control on aerodynamic characteristics;

h/D = 3.85, « = 0°, Bg = -12°, tail on, iy = 200, B = LU5°, straight
louvers, 1700 RFPM.
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Figure 53.~ Concluded.
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(a) Straight louvers.

Figure 55.- Inlet temperatures due to ingestion; h/D = 1.0, o =0°, B =0°,
5 = U5°, V = 0 to 5 knots. -
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(b) Staggered louvers.

Figure 55.- Concluded.
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Figure 56.- Effect of ground height and exit louver angle on temperature rise
in 1lift-fan inlets due to ingestion; « = 0°, & = 45°, staggered louvers.
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Figure 57.- Effect of ground height and exit louver angle on temperature rise
in gas generator inlets due to reingestion; @ = 0°, & = LU5°.
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Figure 57.- Concluded.
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Figure 60.- Constant fan RPM; tail on, &f = 45°.
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Figure 61.- Effect of constant power; h/D = 1.0, B = 0°, tail on, op = 45°.
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Figure 62.- Equivalent power setting; tail on, O¢ = 450.
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Figure 64.- Effect of pitch-fan operation on lift-curve slope and longitudinal
stability; h/D = 2.2, dp = 45°,
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Figure 65.- Power and longitudinal control requirements for unaccelerated
flight; & = 459, W = 9500 1b.
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